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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
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no. 09/440.338. attorney docket no. 25791 .9.02. filed on 1 1/15/1999. (5) U S patent 
application serial no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000. 
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application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 
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60/154.047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
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senal no. , attomey docket no. 25791.47, filed on 9/18/2000. 

/^licants incorporate by reference the disclosures of these appficatfons. 



20 



25 



1 



Background of the Invention 
This invention relates generally to wellbore casings, and in particular to virelttKjre 
casings that are formed using expandable tubing. 

Conventronaliy, when a wellbore is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid Into the fonnation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed In a lower 
borehole interval is towered through a pre\iously fnstafled casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
1 0 smaller diameter than the casing of the upper inten/al. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annufi are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole waM. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
15 a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig tinrie is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled In the course of the well, and the large volume of cuttings drilled arKl 
20 removed. 

The present invenQon is directed to overcoming one or more of the limitations of 
the existing procedures for fomiing weObores. 

Summary of the Invention 
According to one aspect of the mvention, an apparatus for plastically defonning 
25 and radially expanding a tubular member is provided ttiat includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically defonning and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 defonning and radial^ expanding a tubular member is provided that Includes a tubular 
support nuember including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
5 deforming and radially expanding a portion of the tubular member to a fwst outside 
diameter, and plastically defonning and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
10 defomiing and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defonrtng and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
first tubular member, plastically defomiing and radially expanding the second tubular 
member to a third outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
20 first tubular member to a second tubular member is provided that includes means for 
plastically defomning and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically defonning and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overiapping relation to 
25 the first portion of the first tubular member, means for plastically defomiing and radially 
expanding the second tubular member to a third outside diameter, and 
means for plastically defonning and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic defonnations and radial expansions are substantially equal. 
30 According to another aspect of the present feivention. an apparatus, for fonning 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular meml>er within the wellbore. means for plastically defonning and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a welibore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluididy coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansiorl cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coupled to an end of the expansion cOTe launcher. 

According to another aspect of the present invention, a method of fonning a 
welibore casing within a wellbore Is provided that includes supporting a tubular member 
within a wellbore. plastically defomiing and radially expanding a portion of the tubular 
member to a first outsWe dianroter, and plastically defomilng and radially expanding 
another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of fonning a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter. plasUcally deforming 
and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member Inside the first tubular member In 
overlapping relation to the first portion of the first tubular member, plastically defomiing 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomning and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically defomiing and radially expanding a first portion erf the first tubular member to 
a first outside diameter, means for plastically deforming and radially expanding another 
portton of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically defomiing and radially 
expanding the second tubular member to a third outside diameter, and 



means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and ladiai expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically defomiing and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defomning and radially expanding a tubular member is provided that includes 
a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluididy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
Including: a first anniiar portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 
conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, whereb the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
defomiing and radially expanding a tubular member is provided that includes providing 
a lipped portion in a portton of the tubular member, and plastically deforming and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
men*er inside the first tubular member in overlapping relation to the tipped portion of 
the first tubular member, and plasticaliy deforming and radially expanding the second 
titular member. The Inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defomiing 



and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the ftrst tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomiing and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for forming 
a weilbore casing within a wellbore is provided that includes means for supporting a 
tubular member wthin the wellbore, means for providing a lipped portion in the tubular 
1 0 member, and means for plastically deforming and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
1 5 member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
20 first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present Invention, a method of forming a 
25 wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of fonning a 
nfronondiameter wellbore casing within a wellbore is provided that includes supporting a 
30 first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular member, plastically defomning and radially expanding another portion of the 
first tubular member, positioning the second tubular hfiember inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 
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diameters of the first and second tubular nnembers after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for fonning 
a monoKliameter wellbore casing within a welibore is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member in overtapping 
relation to the lipped portiori of the first tubular member, and means for plastically 
defomiing and radially expanding the second tubular member The Inside diameters of 
the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defonming and radially expanding a tubular member is provided that includes 
means for plastically defomiing and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 
tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular.member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveabie fluid passage, and another 
annular expansion cone movably coupled to the tubular support member The annular 
expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of plastically 
defomiing and radially expanding a tubular member is provided that includes plastically 
defomiing and radially expanding a first end of the tubular member, and plastically 
defonning and radially expanding a second end of the tubular member 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is pnjvided that includes positioning 
the second tubular meml>er inside the first tubular member in an overlapping 
relationship, plastically deforming and radially expanding the end of the second tubular 



member that overiaps with the first tubular member, and plastically deforming and 
radially expanding the remaining portion of the second tubular member 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically defomiing and radially expanding the reniaining portion of the 
second tubular member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically defomiing and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing within a wellbore Is provided that includes a tubular support member 
Including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluidicly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned In opposite orientations. 

According to another aspect of the present invention, a method of fomiing a 
wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically defomning and 
radially expanding a first tubular member within the wellbore, positioning a second 
tubular member inside the first tubular member In an overlapping relationship, 
plastically defomiing and radially expanding the end of the second tubular member that 
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overlaps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for plastically 
5 defonning and radially expanding a first tubular member within the wellbore, nneans for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically defonning and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically defomiing and radially expanding the remaining portion of the 
10 second tubular member. 

According to another aspect of the present Invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes means for supporting a tubular men^r in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically deforming and radially 
1 § expanding the tubular member, and 

means for plastically deforming and radially expanding th6 tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
20 Includes supporting a tubular member in overiapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially expanding the tubular memt>er, 
and plasticaOy deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of fonning a 
25 structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present Invention, a method of forming a 
30 vi^ilbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, and plastically defonning and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular memt>er to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to. is provided that includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 6 According to another aspect of the present invention, a method of forming a 

mono-diameter weilbore casing is provided that includes positioning a first tubular 
member within a weilbore, the first tubular member having an original outside diameter 
ODo and an original wall thickness to. plastically defonming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defonming 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inskJe the first tubular member in 
ovedapping relation to the first portton of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal, and the ratto of 
. the original outside diameter ODo of the first tubular meniber to the original wall 
thickness to of the first tubular memt)er is greater than or equal to 16. 

According to another aspect of the present inventton, an apparatus is provided 

30 that includes a plastically deformed and radially expanded tubular member having a 
first portbn ha>^ng a first outsMe diameter and a remaining portton having a second 
outskJe diameter. The ratio of the original outside diameter ODq of the first tubular 
member to the-original wall thickness to of the first tubular member is greater than or 
equal to 16. 



10 



According to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically defomned and radially expanded second tubular 
member coupled to the first portfon of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a wellbore casing formed 
in a wellbore is provided that includes a plastically defomned and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining . 
portion having a second outside diameter, and a plastically defonrod and radially 
expanded second tubular meniber coupled to the first portion of the first tubular 
member. The ratio of the original outside dianrieter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 
that includes a plastically defomied and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 1 6. 

Brief Description of the Drawings 

Fig. la is a cross sectional Illustration of a wellbore including a preexisting 
wellbore casing. « 

Rg, lb is a cross-sectfonal illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member Into the wellbore of Fig. la- 
Fig. 1c is a cross-sectional lllustratfon of the injection of fluidic materials through 
the apparatus of Fig. lb. 

Rg. 1d is a cross-sectional illustration of the injection of hardenable fluidic 
seafmg materials through the apparatus of Fig. 1c. 

Rg. 1e is a cross-sectional illustration of the pressurizatton of the region below 
the expansion cone of the apparatus of Fig. Id. 

Rg. If is a cross-sectional iHustratton of the continued pressurizatton of the 
region bekjw the expanston cone of the apparatus of Rg. 1e. 

Fig. 1g is a cross-sectional illustration of the continued pressurization of the 
regk>n below the expansion cone of the apparatus of Rg. If following the removal of 
the over-expansion sleeve. 



11 



Fig. 1h is a cross-sectional Illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1i is a cross-sectional illustration of the drilling out of a new section of the 
wellbcre below the apparatus of Fig. Ih. 

Fig. 1 j is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 1i. 

Fig. Ik is a cro^-sedtona! illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 

Fig. II is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. Ik to torn a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b Is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustratran of the pressurization of the region below 
the expansion cone of the apparatus of Fig, 2d. 

Fig. 2f is a cross-sectiohal illustration of the continued pressurization of the 
region bebw the expansion cone of the apparatus of Rg. 2e. 

Fig. 2g is a cross-sectkMial illustration of the comjrfetion of the radial e)^nsion 
of the expandable tubular member of the apparatus of Rg. 2f. 

Fig. 2h is a cross-secttonal illustration of the drilling out of a new sectlorl of the 
wellbore below the apparatus of Rg. 2g. 

Fig. 21 IS a cross-sectional illustration of the radial expansion of another 
expandable tubular mwiber that overtaps with the apparatus of Fig. 2h. 

Fig. ^ is a cross-sectional illustratfon of the secondaiy radial expansion of the 
other expandable tubular member of the apparatus of Rg. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono<liameter 
wellbore casing. 
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Fig. 3 is a CTOss-sectional illustration of ihe apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 
5 Fig. 4 is a cross-sectional illustration of an alternative enibodiment of the 

apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Rg. 5a is a cross-sedlonat illustration of a wellbore including a preexisting 
wedbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
10 v^^edbore casing in the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
Inflatable bladder into the new section of the wellbore casing of Rg. 5b. 

Fig. 5d is a fragmentary cross-sectional Illustration of the inflation of the 
inflatable bladder of Fig. 5c. 
1 5 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig, 5f is a cross-sectional illustration of the new section of welllx)re casing of 
Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
20 wellbore casing that includes the new se<^lon of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the fomiation of a new section of 
25 wellbore casing in the wellbore of Rg. 6a. 

Rg. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of weHbore casing of 
Rg. 6c after over-expansion. 
30 Rg. 6e is a cross-sectional illustration of the new section of wellbore casing of 

Rg. 6d after drilling out a new section of the w^elibore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that inciudes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Rg. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. - 

Fig. 7c is a cross-sectional Illustration of the injection of fluidic materials through 
the apparatus of Fig. Tb. 

Fig. 7d is a cross-sectional illustration of the injecfion of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-secdonal illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Rg. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 

Rg. 7h Is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Rg. 7g. 

Rg. Ti is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular memljer to form a mono-diameter wellbore casing. 

Rg. 8a is cross-sectional Illustration of an welltK)re including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b Is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a crossrsectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 6b. 

Rg. 8d is a cross-sectional illustratiori of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig, 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Rg. 8f Is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Rg. 8e. 

Rg. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
defonm and radially expand the expansion cone launcher and expandable tubular 
mennber. 

Fig. 8i is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 81 in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b Is a cross-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Rg. 9a. 

Rg. 9c is a fragmentary cross-sectional illustration of the placement of a ladial 
expansion device Into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 
expansion device of Fig. 9c. 

Rg. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Rg. 10 is a cross-sectional illustration of a. mono-diameter wellbore casing that 
includes a plurality of layers of rgdially expanded tubular members along at least a 
portion of the its length. 

Rg. 1 1a is a cross-sectional illustration of a wellbore including a casing fomied 
by plastically deforming and radially expanding a first tubular member. 

Rg. 1 lb is a cross-sectional illustration of a wellbore including another casing 
coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular member. 

Fig. 1 1c is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 
Several embodiments of methods and apparatus for fomiing a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for fonm or repair mono-diameter wellbore casings, pipefines. 
or stnjctural supports. Furthernwre. while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
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teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports- 
Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented In any orientation from the vertical to the 
5 horizontal. The preexisting wellbore casing 15 may be coiipted to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no, 09/454.139. attorney docket no. 

10 25791 .03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913, 
attorney docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440,338. attorney docket no. 25791 .9.02, filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 

15 on 3/1 0/2000. (6) U.S. patent application serial no. 09/51 2,895, attorney docket no, 
25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946. attorney docket no. 25791 .17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122. attorney docket no. 25791.23.02, filed on 4/26/2000, 

20 (10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. proyisfonal patent application serial no. 
60/162,671. attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791,29, filed on 
9/16/1999. (13) U.S. provisional patent applicatton serial no. 60/159.082, attorney 

25 docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) u!S. 
provisional patent application serial no. 60/159.033. attorney docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

30 application serial no. 60/165.228, attorney docket no. 25791 .39, filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial no. ■ attorney docket no. 

25791 .45, filed on 7/28/2000, (19) U.S. provisfonal patent applicatfon serial no. 

. attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 
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filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting weilt>ofe casing and/or may include one or more concentrically positioned 
tubular members. 

Referring to Fig. lb. an apparatus 100 for radially expanding a tubular member 
may ther» be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 110 for conveying fluidic materials. An 
expansion cone 1 15 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 
member 105. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 1 15. In 
several alteniative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the • 
expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intemiediate 
portion that mates with the expansion cone 115 and the over-expansion sleeve 130. an 
a lower portion havjng a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a vaiveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
vaiveable passage 145 may be oontrollably closed In order to fluidicly isolate a region 
150 below the expansion cone 1 15 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of tbe expandable tubular member 1 55. In 
several alternative embodiments, the sea«ng members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for. or used 
in addition to. the seaKng members 160a and 1 60b. 
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In a preferred embodimenJ. the support member 105, the expansion cone 115. 
the expansion cone launcher 135. the shoe 140. and the expandable tubular member 
155 are provided substantially as disclosed in one or more of the follovwng: (1 ) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02 filed on 
5 120/1999. (2) U.S. patent application serial no, 09/510.913. attorney docket no. 
25791.7.02. filed on 2G3C000. (3) U.S. patent appficatlon serial no. 09/502.350. 
attomey docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent application seria) 
no. 09/440.338, attomey docket no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.1 1.02. filed wi 3/10/2000. 
1 0 (6) U.S. patent application serial no. 09/51 2.895. attomey docket no. 25791 . 1 2.02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/51 1.941. attomey docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559.122, attomey docket no. 25791.23.02. filed on 4/26/2000, (10) PCT patent 
15 applteatlon serial no. PCT/USOQ/18635. attomey docket no. 25791 .25.02. filed on 

7/9/2000, (11) U.S. provisk>nal patent application serial no. 60/162.671 . attomey docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
patent application serial no. 60/159,082. attomey docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent appHcabon serial no. 60/159,039, attomey 
docket no. 25791.36, filed on 10/12/1999. (15) U.S. provisional patent applicatran serial 
no. 60/159,033. attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

proviskjnal patent appltcatkm serial no. ' attomey docket no. 

25791 .38. filed on 6/19C000. (17) U.S. provisional patent application serial no. 
60/165,228. attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. provistonal 

patent application serial no. ■ attomey docket no. 25791 .45. filed on 

7/28/2000. (19) U.S. provisional patent application serial no. " attomey 
docket no. 25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. . attomey docket no. 25791.47. filed on 9/18/2000. \he 

disclosures of whicfi are incorporated herein by reference. 

As illustrated in Fig. lb. in a preferred embodiment, during placement of the 
apparatus 100 within the weUbore 10. flukfic materials 165 vwthin the wellbore 10 are 
conveyed ttirough ttie apparatus 100 through ttie passages 110, 120 and 145 to a 
tocation above ttie apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
contact vwth and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the exparnlabte 
tubular member 155 vwll vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the materia! properties of the 
expandable tubular member. 

As illustrated in Fig. 1c. a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 110. 120. and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10, 120 and 145 Into the 
anhulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hanjenable fluidic sealing material 
175 may be omitted. In several altemative embodiments, the hardenable fluidic sealing 
material 175 Is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e, a non-hardenable flukJic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to thereby seal 
off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the flukJic material 180 into the apparatus 100. 

As illustrated in Fig. If, the continued injection of the fluidic material 180 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 155 to be plastically defbmied and radially expanded off of the over-expansion 
sleeve 130. In this manner, the expansion cone 1 15 and over-expansion sleeve 130 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetermined time period and/or after a predetemnined axial 
displacement of the expansion cone 1 15 relative to the expansion cone launcher 1 35 



19 



and expandable tubular member 155. the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 1 15 by the application of a 
predetemiined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the frangible over-expansion sleeve 130 to 
fracture into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurization of the region 1 50. In a 
preferred embodiment, the pieces of the over^xpansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 150. 

Referring to Fig. 1g. following the femoval of the frangible over-expansion 
sleeve 130. the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically deformed and radially expanded and extmded off 
of the outer conical surface 125 of the expansion cone 1 15. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 115 is 
less than the anrount of radial expansion provided by the combination of the over- 
expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in ' 
Fig. 1h. a recess 185 is fbnned in the radially expanded tubular member 155. 

After completing the plastic defonnation and radial expansion of the tubular 
member 155. the hardenable fluidic sealing material is allowed to cure to thereby fonn 
an annular body 1 90 that provides a banier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 1 i. the shoe 1 40 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to perniit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonned and radially expanded tubular member 
155. 

Referring to F^. 1j. a tubular member 200 may then be plasticaUy defonned 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a prefened embodiment, the upper portion of the radially 
expanded tubular member 200 overlaps with and mates with the recessed portion 1 85 
of the tubular member 155. In a preferred embodiment, one or more sealing members 
205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing nwmbers 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 1 85 of the tubular 
member 1 55. In several altemative embodiments, the sealing members 205 may 
indude elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to. the sealing members 205, In a preferred embodiment, an 
annular body 210 of a hardenable fluidic sealing material is also fomied around the 
tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plasticafiy defom^ed and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454,139. attcmey docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913, attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791,9,02, filed on 11/15/1999. (5) U.S. patent appficatlon serial no, 09/523.460. 
attomey docket no. 25791,11.02. filed on 3/10/2000, (6) U,S, patent application serial 
no. 09/512,895, attomey docket no. 25791.12.02. filed on 2«4/2000. (7) U.S. patent 
application serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791.17.02, filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25791 ,23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisfonal patent application serial no. 60/162.671, attomey docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039, attomey docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. . attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 

provisional patent applicatfon serial ik). 60/165,228, attomey docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisional patent applteation serial no. , 

attomey docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisfonal patent 

appBcatlon serial no. , attomey docket no. 25791.46. filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. , attomey docket 

no. 25791.47, filed on 9/18/2000, the disctosures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Rg. 1k, an expansion cone 215 may then be driven in a downward 
5 direction by fluid pressure and/or by a support member 220 to plastically defonn and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. II, 
a nuxKMltameter wellbore casing may be formed. 

Referring to Rgs. 2a and 2b, in an alternative embodiment, an apparatus 300 
*0 for radially expanding a tubular member may then be positioned within the wellbore 1 0. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
^ 6 insert 330 mates v\rith and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
'^r; that mates with the expansion cone 315 and the over-expansion insert 330. an a lower 
portion having a lower outer diameter The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
25 350 below the expansion cone 31 5 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a. 330b, 330c and 330d that 
are positioned t)etween the outer conical surface 325 of the expansion cone 315 and 
30 the inner surface of the intermediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement (tf the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over^xpand the 
Intermediate portion of the expansion cone launcher. In this manner, a recess may be 
formed in the radially expanded expansion cone launcher 335. In several alternative 
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embodiments, the inserts 330a. 330b. 330c. and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an alternative emtxjdtment. as illustrated in Fig. 3a. the over expansion insert 
330 further includes mtermediate resilient meml)ers 331a. 331b. 331c. and 331d for 
resHlentty couplirjg the Inserts 330a. 330b. 330c. and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resirient 
members 331 causes ttie over-expansion Insert to collapse in the tadial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative enibodlments. the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or con^oslte elements. In several 
altemativo embodiments, one or more anchoring elements may substituted for. or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305. the expansion cone 315, 
the expansion cone launcher 335. the shoe 340. and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999. (2) U.S. patent appOcation serial no. 09/510,913. attorney docket no. 
25791.7.02, filed on 2C3/2000, (3) U.S. patent applicatfon serial no. 09/502,350. 
attorney docket no. 25791 .8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791 .1 1.02. fHed on 3/1(W2000. 
(6) U.S. patent application serial no. 09/512.895. attomey docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent appfication serial no. 09/511.941. attomey docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26«000. (10) PCT patent 
applfcation serial no. PCTAJSOO/1 8635. attomey docket no. 25791 .25.02. filed on 
7/9/2000. (1 1 ) U.S. provisional patent appltoation serial no. 60/162.671 . attomey docket 
no. 25791 .27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047, attomey docket no. 25791.29, filed on 9/16/1999. (13) U.S. proviskMial 
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patent applicaUon serial no. 60/159.082, attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039, attorney 
docket no, 25791 .36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

5 provisional patent application serial no. attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provisional patent application serial no, 
60/165.228, attorney docket no. 25791 .39, filed on 11/12/1999, (18) U.S. provisional 
patent application serial no. ' attorney docket no. 25791 .45. filed on 

7/28/2000, (19) U.S. provisional patent applicatiwi serial no. , attorney 

10 docket no. 25791 ,46. filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791 .47. filed on 9/18/2000, the 

disclosures of wtiich are incorporated herein by reference. 

As illustrated in Fig, 2b. in a preferred embodinient. during placement of the 
apparatus 300 within ^e wellbore 10, fluidic materials 365 within the wellbore 10 are 
1 5 , conveyed through the apparatus 300 through the passages 31 0, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned vrfthin the wellbore 10 such that the top portion 
of the tubular member 355 overtaps with the preexisting casing 15. In this manner, the 
20 upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinary skill in the art, the predse initial position of the expandable 
tubular member 355 will vary as a functfon of the amount of radial expansion, the 
amount of axial shrinkage during radial expansfon, and the material properties of the 
25 expandable tubular member. 

As illustrated in Fig. 2c, a fluidfe material 370 may then be injected through the 
apparatus 300 through the passages 310, 320, and 345 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 
30 injected through the apparatus 300 through the passages 310, 320 and 345 Into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migratfon Into and out of the wellbore 10 may be fomned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluWic sealing material may include, for example, a cement mixture. In 



24 



several alternative embodiments, the injection of the hardenable fluidic sealing materiai 
375 may be omitted. In several altemative embodiments, the hardenable fiuldic sealing 
materiai 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As iiiustrated in Rg. 2f. the continued injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically defonned and 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330. the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the anrK)unt of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the anwunt of radial expansion 
provided by the combination of the over-expansion Insert 330 and the expansion cone 
315. In this manner, as illustrated in Fig. 2g, a recess 390 is formed in the radially 
expanded tubular member 355. 

In several altemative embodiments, the over-expansion insert 330 is removed 
from ttie recess 390 by falling out and/or removal using a conventional retrieval tod. In 
an altemative embodiment, the resilient force provided by the resilient members 331a, 
331b. 331c and 331d cause the insert 330 to collapse In the radial direction and 
thereby fall out of the recess 390. In an altemative embodiment, as illustrated In Fig. 4, 
one or more resilient hooks 395a and 395b are coupled to the bottom of the expansion 
cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 

After completing the plastic defonmation and radial expansion of the tubular 
member 355. the hardenable fluidic sealing material is allowed to cure to thereby fomi 
an annular body 400 that provides a banier to fluid flow into or out of the wellbore 10. 

Referring to Rg. 2h. the shoe 340 may then renooved by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit addiUonal expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
355. 

Refening to Rg. 2j. a tubular member 405 may then be plastically defomied 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a prefeaed embodiment, the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
of the tubular member 355. In a prefened embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 
In a preferred embodiment, the sealing members 410 seal the Interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 
indude elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to. the sealing members 410. In a preferred embodiment, an 
annular body 415 of a hardenable fluidic sealing material is also fonned around the 
tubular member 405 using one or more conventional methods. 

In a prefenred embodiment, the tubular member 405 is plastically defonned and 
radially expanded, and the annular body 41 5 is fonned using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350. attomey docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent appiicatbn serial no. 09/440,338. attomey docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent applicatfon serial no. 09/523,460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attomey docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. patent 
appficatlon serial no. 09^11,941. attomey docket no. 25791.16.02, filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946, attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122, attomey docket no. 
25791.23.02. filed on 4/26/2000, (10) PCT patent application serial no. 
PCTAJSOO/18635. attomey docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,671. attomey docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey 
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docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
prowsfonal patent appIicaUon serial no. 60/159,039. attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159.033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 

— . attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

pro>^sional patent application serial no. 60/1 65,228. attorney docket no. 25791 .39. filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisfonal patent 

application serial no. ' attorney docket no. 25791.46, filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In an alternative enUxxImnent, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may t>e radially compressed before, 
during and/or after curing. 

Referring to Fig. 2i, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k. 
a mono<iiameter wellbore casing may be fomied. 

Refening to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting sectfon of wellbore casing 15 using any number of 
conventwnal methods. An annular body of a fluidic sealing material 510 may also be 
fomied around the tubular memt>er 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disctosed in one w more of the folkjwing: (1 ) U.S. patent application serial 
no. 09/454.139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23C000, 
(3) U.S. patent appllcatton serial no. 09/502.350, attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
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attorney docket no. 25791.11.02. fried on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/511.941. attorney docket no. 25791.16.02, filed on 2/24/2000. 
(8) U.S. patent applicaUon serial no. 09/588.946. attorney docket no. 25791.17.02, filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559,122. attorney docket no. 
25791.23,02, filed on 4/26«000, (10) PCT patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671 . attorney docket no. 25791 .27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159.033. attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent applicatfon serial no. 60/165,228. attorney docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisional patent application serial no. : , 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 
application serial no. - attorney docket no. 25791.46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. . attorney docket 

no. 25791.47, filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, ttie annular IxxJy 510 may be omitted or 
may be compressible before, during, or after curing. 

Refenring to Figs. 5c and 5d, a oonventfonal inflatable bladder 515 may then be 
posiOoned within the tubular member 500 and Inflated to a suffident operating pressure 
to plastrcally defomn and radially expand a portion of the tubular member to ttiereby 
fomi a recess 520 in the tubular member. 

Refening to Figs. 5e and 5f, the inflatable bladder 515 may ttien be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Refem'ng to Fig. 5g, an additional tubular member 525 may then be plastically 
defonmed and radially expanded in a conventkral manner and/or by using one or more 
of the methods and apparatus described above In order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the ttjbular member 
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525. an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altenwtive embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone In order to permit the over-expansion process to be 
perfomied during the radial expansion process Implemented using the expansion cone. 

Referring to Rgs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
fomwd around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically defomied and radially 
expanded and the annular body 610 Is fomied using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent appfication serial 
no. 09/454,139. attorney docket no. 25791.03.02. filed on 12W1999. (2) U.S. patent 
application serial no. 09/510.913, attorney docket no. 25791.7.02, filed on 2^3^000. 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent applicatfon serial no. 09/523.460. 
attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09«12.895, attorney docket no. 25791.1i02, filed on 2«4«000, (7) U.S. patent 
application serial no. 09«11.941. attorney docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent appinatkm serial no. 09/559.122. attorney docket no. 
25791.23.02. filed on 4/26/2000. (10) PCT patent applicatfon seirial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162.671^. attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047, attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provlstonal patent applicatton serial no. 60/159.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisfonal patent applicatton serial no. 60/159.033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 
"°- . attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 
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provisional patent application serial no. 60/165,228. attorney docket no. 25791.39. filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no. ^ 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791,46. filed on 7/28/2000. 

5 and (20) U.S. provisional patent application serial no. ^ attorney docket 

no. 25791.47, filed on 9/18/2000; the disdosures of wtiich are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d. a conventk)nal roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically defomi and radially expand a portion of the tubular member to thereby fonn 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
skill In the art. a roller expansion device typically utilizes one or more rollers that 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5.014.779 
and 5.083.608. the disclosures of which are incorporated herein by reference. 

Refening to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Refening to Fig. 6t an addittonal tubular member 625 may then be plastically 
defonned and radially expanded In a conventional manner and/or by using one or more 
of the methods and apparatus described above In order to fonn a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
625. an annular body 630 of a fluidic sealing material may be fonned around the 
tubular member in a conventional manner and/or by uslrig one or more of the methods 
and apparatus descrit>ed above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expanston cone in order to pemiit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansk)n cone. 

Referring initiaHy to Fig. 7a. a wellbore 10 Includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the welitjore 10 using any number of conventionai nrethods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454.139. attorney docket no. 
25791.03.02. filed on 120/1999. (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791 .7.02. filed on 2/23C000. (3) U.S. patent appUcation serial 
no. 09/502.350. attwney docket no. 25791.8.02. filed on 2/1OG0O0. (4) U.S. patent 
application serial no. 09/440.338, attorney docket no. 25791 .9.02. filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1.941. 
attorney docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
appBcatkwj serial no. 09«59.122. attorney docket no. 25791 .23.02. filed on 4/26/2000. 
(10) PCT patent applk:atk)n serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. proviskmal patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provisronal patent application serial no. 60/159.082, attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039. attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attomey docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent appfication serial no. , 

attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provistonal patent 
application serial no. 60/165.228. attomey docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. . attomey docket no. 

25791 .45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

_. attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisfonal patent application serial no. . , attomey docket no. 25791.47. 

filed on 9/1^000. the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/w may include one or more concentrically posittoned 
tubular members. 



31 



Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the weilbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
for radlaify expanding tubular members Is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 Is movably coupled to and supported by the 
expansion cone 715. Tbe expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intemnediate portion 735b that mates with the 
expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluididy folate a region 750 below the 
expansion cone 715 and bounded by the bwer portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elenients. In several 
altemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to. the sealing members 760a and 760b. 

In a preferred erinbodiment, the support member 705. the expansion cone 715, 
the expansion cone launcher 735. the shoe 740. and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999. (2) U.S. patent application serial no. 09^10,913. attorney docket no. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350. 
attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent appficatfon serial 
no. 09/440.338. attomey docket no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent 
application serial no. 09/523,460. attomey docket no. 25791,11.02. filed on 3/10/2000, 
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(6) U.S. patent application serial no. 09/512,895. attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. attorney docket no. 
25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122. attorney docket no. 25791.23.02. filed on 4/26/2000, (10) PCT patent 
applicatron serial no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 
7/9/2000. (1 1) U.S. provisional patent application serial no. 60/162.671 , attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attorney docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159.082. attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

provistonal patent application serial no. attorney docket no. 

25791.38, filed on 6/19/2000. (17) U.S. provisional patent appKcatton serial no. 
60/165,228. attorney docket no. 25791.39. filed on 1 1/12/1999, (18) U.S. provisional 

patent application serial no. . attorney docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provisional patent application serial no. , attorney 

docket no. 25791.46. filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791.47. filed on 9/18/2000, the 

disclosures of which are incorporated herein by reference. 

As illustrated in Rg. 7b, in a preferred embodiment, during placement of ttie 
apparatus 700 within the wellbore 10, fluklic materials 765 within the welibore 10 are 
conveyed ttirough the apparatus 700 tt^rough the passages 710, 720 and 745 to a 
location above the apparatus 700. In ttiis manner, surge pressures during placement 
of the apparatus 700 within ttie welibore 10 are reduced. In a prefen-ed embodiment, 
the apparatus 700 is initially positioned wittiin the wellbore 10 such that the top portion 
of the tubular member 755 overtaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be fBdially expanded into 
contact Witt) and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinary skill in ttie art, ttie. precise initial position of ttie expandable 
tubular member 755 wiil vary as a function of ttie amount of radial expansion, ttie 
amount of axial shrinkage during radial expansion, and ttie material properties of ttie 
expandable tubular memt>er. 
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As illustrated in Fig. 7c. a fluidic materiaj 770 may then be injected through the 
apparatus 700 through the passages 710. 720, and 745 in order to test the proper 
operation of these passages. 

As Illustrated In Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 Into the 
annulus between the apparatus and the weilbore 10. In this manner, an annular barrier 
to fluid migration into and out of the weilbore 1 0 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several aftemative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
Injected into the apparatus through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may t>e pressurized by the 
continued Injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g. the continued Injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
tubular member 755 to be plastically defomied and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformatiori and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material Is allowed to cure to thereby fomi 
an annular body 795 that provides a banier to fluid flow Into or out of the weBbore 1 0. 

Refemng to Fig. 7h. the shoe 740 may then removed by drilling out thq shoe 
using a conventional drilling device. A new section of the weilbore 10 may also be 
drilled out in order to pemnit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonmed and radially expanded tubular member 
755. 

Referring to Fig. 7i. an additionaf tubular member 800 may then be plastically 
deformed and radially expanded In a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to fomi a mono-diameter 
weilbore casing. Before, durfng or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be fonmed around the 
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tubular member in a convenUonal manner and/or by using one or more of the methods 
and apparatus described above. In a preferred embodiment, the lip 790 fadlitates the 
coupnng of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

Refening to Fig. 8a. in an alternative embodiment, a wellbor© 10 includes a 
preexisting section of wellbore casing 15 and 900. The weObore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 
methods described above, and/or using one or more of the methods disclosed in the 
following: (1) U.S. patent application serial no. 09/454.139. attorney docket no. 
25791.03.02. filed on 12«/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney dodtet no. 25791 .7.02. filed on 2/23«000, (3) U.S. patent application serial 
no. 09/502.350. attomey docket no. 25791.8.02. fOed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, attomey docket no. 25791.9.02, filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460. attomey docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
applfcation serial no. 09/559.122. attomey docket no. 25791.23.02, filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/ySOO/18635. attomey docket no. 
25791.25.02, filed on 7/9C000. (1 1) U.S. provisional patent appTication serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/1 54.047. attomey docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provisional patent applicatkMi serial no. 60/159.082. attomey 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisipnal patent appHcation serial no. 60/159.033. attomey docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. proviskMUil patent an>lication serial no. 

attomey docket no. 25791.38. filed on m9t2OO0. (17) U.S. provisional patent 
applicatfon serial no. 60/165.228. attomey docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. , attorney docket no. 

25791 .45, filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
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» attorney docket no, 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. ^, attorney docket no. 25791.47, 

filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 

Refemng to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 1005 
ttiat defines a passage 1010 for conveying flukJic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying flukJic materials that is fluididy 
coupled to the passage 1010. The locking device 1015 further indtKles inlet passages. 
1020a and 1020b. actuating chambers. 1025a and 1025b. and locking members, 
1030a and 1030b. During operation, the Injection of fluidic materials into the actuating 
chambers. 1025a and 1025b. causes the locking members. 1030a and 1030b. to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 
skiU In the art, the operating pressures and physical shape of the inlet passages 1020. 
actuating chambers 1025. and tocking members 1030 will determine the maximum 
amount of holding force provided by the locking device 1015. In several alternative 
embodiments, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provide precise control of the locking device. In 
several alternative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1015. The passage 1040 Is fluididy coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and indudes an 
outer confcal surface 1055 is coupled to another end of the tubular support member 
1035. /Vn expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 Indudes an upper portion 
1060a having an upper outsWe diameter, an intermediate potilon 1060b that mates 
with the expansion cone 1045. and a lower portion 1060c having a lower outside 
diaoteter. The lower outside diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a vatveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a regk>n 1075 
below tfie expansion cone 1045 and bounded by the expansion cone launcher 1060 



36 



10 



15 



20 



25 



30 



and the shoe 1065 may be pressurized and fluididy isolated from the anrujiar legion 
between the apparatus 1000 and the weflbore 10. 

An expandable tubular member 1080 is coupled to the upper porton of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the seaKng members may 
.ndude elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to. the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 
support member 1005 indudes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
IS coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cons. 

In a prefened embodiment, the support members 1005 and 1035, the 
expansion cone 1045. the expansion cone launcher 1060. the shoe 1065. and the 
expandable tubular member 1080 are provided substantially as disdosed In one or 
more of the following: (1) U.S. patent application serial no. 09/454.139. attorney dodcet 
no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510 913 
attorney dodcet no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial ' 
no. 09/502.350. attomey dodcet no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. atloniey dodcet no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attomey do*et no. 25791.11 02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895. attomey dodcet no 
25791 .12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1 941 
attomey dodcet no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent applicati«, serial 
no. 09/588.946. attomey dodcet no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559.122, attomey dodcet no. 25791.23.02. filed on 4/26C0O0. 
(10) PCT patent application serial no. PCT/USOO/18635. attomey dodcet no 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent appfication serial no. 
60/162.671. attomey dodcet no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attomey dodcet no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attomey 
dodcet no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent appfication serial 
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no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. provisional patent application serial no. : 

attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent 
5 application serial no. 60/165.228, attorney docket no. 25791 .39, filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial rio. , attorney docket no. 

25791.45. filed on 7/28C000. (19) U.S. provisional patent application seriaJ no. 

. attorney docket no, 25791.46, filed on 7/28/2000, and (20) U.S. 

provisbnal patent application serial no. , attorney docket no. 25791.47, 

1 0 filed on 9/1 8/2000. the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodiment during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020. 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1 000 within the wellbore 1 0 are reduced. In a preferred 
embodiment, the apparatus 1000 is Initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overtaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expar>dable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

20 910 ofthe preexisting casing 900. 

As illustrated In Fig. 8c. a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020. 1040. and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 

25 injected through the apparatus 1000 through the passages 1010. 1020. 1040. and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular banier to fluid migration into and out of the wellbore 10 may be formed around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluklic sealing material may include, for example, a cement 

30 mixture. In several alternative embodiments, the Injectton of the hardenable fluidic 
sealing material 1 120 may be omitted. In several altemative embodiments, the 
hardenable fluidic sealing material 1 1 20 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e. a non-hardenable fluidic material 1 125 may ttien be 
injected into the apparatus 1000 through the passages 1010. 1020 and 1040. A ball 
plug 1 130. or other similar device, may then be injected with the fluidic material 1 1 25 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1125 Into the apparatus 
1000. Furthenrore. in this manner, the actuating chambers. 1025a and 1025b. of the 
locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated In the 
downward direction by a direct application of axiaj force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may piasticaDy deform and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. In a 
pretended embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 
1080 during the radial expansion of the upper portkm of the tubular member. In an 
alternative embodiment, the tocking member 1015 is omitted and the Interference 
between the intemiediate portion 1060b of the expansion cone launcher 1060 and the 
expansfon cone 1 045 prevents the axial displacement of the tubular member 1080 
during the radial expansion of the upper portkMi of the tubular member. 

As illustrated in Fig. 8g. the expansion cone 1085 and 1 100 may then be raised 
out of the weilbore 10. 

As illustrated in Fig. 8h. the continued injection of the fluidic material 1 125 into 
the apparatus 1000 may then cause the expansfon cone launcher 1060 and the 
expandable tubular member 1 080 to be plastkally deformed and radially expanded off 
of the expansion cone 1045. In this manner, the expansion cone 1045 Is displaced 
relative to the expansion cone launcher 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment the axial forces created during the 
radial expansion process are greater than the axial forces generated by the kicking 
devfee 1015. As will be recognized by persons having ordinary skill in the art. the 
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precise relationship between these axia! forces will vary as a function of the operating [ 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative ! 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b. 
5 and the region 1075 are separately controllable by providing separate and dedicated \ 
fluid passages for pressurtong each.. . 

As illustrated in Fg. 8i, after completing the plastic defonnation and radial ; 
expansion of the tubular member 1080, the hardenable fiuidic seafing material is 
allowed to cure to thereby form an annular body 1 1 30 that provides a barrier to fluid J 
10 flow into or out of the welibore 1 0. The shoe 1 065 may then removed by drilling out the 

shoe using a conventional drilling device. A new section of the welibore 10 may also ; 
be drilled out in order to pemiit additional expandable tubular members to be coupled ' 
to the bottom portion of the plastically deformed and radially expanded tubular member ) 
1080. 

15 In an altemative embodiment, the annular body 1 1 30 may be omitted. In , 

several altemative embodiments, the annular body 1 130 may be radially compressed * 
before, during and/or after curing. 

Refening to Fig. 8j. the tubular member 1080 n^y be radially expanded again I 
using one or more of the methods described above to provide an mono-diameter 

20 vi/ellbore casing. i 
Refening to Fig. 9a, a welibore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include ( 
outer annular layers of fiuidic sealing materials such as, for example, cement The 
ends of the casings, 1205 arKi 1210. are separated by a gap 1215. j 

25 Refening to Fig. 9b, a tubular member 1 220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210. to thereby bridge the gap 1215. In a j 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically defomriing and radially expanding the tubular « 
member 1220 usir^ one or wore of the rrothods and apparatus described and ' 

30 referenced above. ^ 
Refening to Fig. 9c. a radial expansion device 1 225 may then be positioned ^ 
within the tubular member 1 220. In a preferred embodiment, the length of the radial 
expansion device 1 225 is greater than or equal to the axial length of the tubular ' 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as. for example. 

expansion cones actuated by hydraulic and/or direct axial force, roller expansion 

devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-aclualion and 

removal of the radial expansion device 1225. the inside diameters of the casings. 1205 

and 1210, are substantially equal to the inside diameter of the tubular member 1220. 

In this manner, a mono-diameter wellbore casing may be formed. 

Refening to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 

and an inner tubular member 1 310. In a preferred embodiment, the tubular members. 

1305 and 1310. are plastically defomied and radially expanded using one or more of 

the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

Referring to Fig. 11a, a wellbore 1400 includes a casing 1405 that is coupled to 
a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular member 1405 is 
plastically defomied and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo, the waU thickness of the tubular member 1405 prior to the 
radial expansion process is to. the outside diameter of the tubular member foUowing the 
radial expansion process is ODi. and the wall thickness of the tubular member 
following the radial expansion process is ti. 

Refening to Fig, 1 lb. a tubular member 1420 may then be coupled to the lower 
portkMi of the tubular member 1405 by plastically defomaing and radially expanding the 
tubular member 1420 using conventfonal methods and/or one or more of the methods 
and apparatus described and referenced above. In a preferred embodiment, the 
exterior surface of the upper portion of the tubular member 1420 includes one or more 
seaRng members for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c. lower portion of the tubular mernber 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono<iiameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are ODj and 
h 

The radial expansion process of Figs. 11b-11c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420. may be changed. For example, the first tubular 
member 1405 may be plastically defomied and radially expanded to provide a lower 
portion having the outside diameter ODj and the remaining portion having the outside 
diameter OD,. The tubular member 1420 may then be plastically deformed arid 
radially expanded one or more times until the inside diameters of the tubular members. 
1405 and 1420. are substantially equal. The plastic defomiations and radial 
expansions of the tubular menders. 1405 and 1420. may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation: 

E^(OD,-ODJ/ODo (1) 
where ODo = original outside diameter; 

0D, = outside diameter afterl" radial expansion; and 
OD2 = outside diameter after 2^ radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the • 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion is equal to d. the outside diameters. OD, and OD2. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 
OD, = ODo + 2d+^ (2) 
OD^^ODf + lR+lt^ (3) 



42 



where ODo = the original outside diameter of the tubular meml>er 1405; 

OD, - the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside diameter of the tubular member 1405 

following the second radial expansion; 
<i = the radial spacing between the tubular member 

1405 and the wellbore prior to the first ladlal 

expansion; 

*i = ^he wall thickness of the tubular member 1405 

after the first radial expansion; 
t2 = the wall thickness of the tubular member 1 405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
Furthennore, in an exemplary embodiment, for d approximately equal to 0.25 
Inches and R approximately equal to 0.1 inches. equatk)n (1) can be approximated as: 



E-{0Tait,)/OD, (4) 

^^'^ •» = the original wall thickness of the tubula- member 

1405. 

In an exemplaiy embodiment, the total expanskm strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside diameter to the original wall thickness (ODorto) may be expressed 
as: 

ODJt,>3&/(03-0.VOD,) (5) 

Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outskte diameter to the original wait thickness (ODorto) may be expressed 



as: 



OD,/t,> 16 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthemrare. the relationships expressed in 
equations (1) through (6) are vafid regardless of the order or type of the radial 
expansions of the tubular member 1405. More generally, the relationships expressed 
In equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as. for example, triangular, rectangular, and oval. 

An apparatus for plastically defomfting and radially expanding a tubular member 
has been described that includes means for plastically defomiing and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defontiing and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the .first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plasKcally defomning and radially expanding the first portion of the tubular member to 
the first outside diameter is removable, in a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the firet portion 
of the tubular member. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically defonning 
and radially ejqjanding the first portion of the tubular merrtber to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of the . 
tubular memt)er 

An apparatus forplasBcafly defonning and radially expanding a tubular member 
has also been described that includes a tubular support member Including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable anniilar conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of .he expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of plasUcally defomiing and radially expanding a tubular member has 
also been descnbed that includes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plasUcally defomiing and radially 
expanding another portion of the tubular member to a second outside diameter In a 
preferred embodiment, the .first diameter Is greater than the second diameter. Ina 
preferred embodiment, plastically defomiing and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible, tn a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve Includes a plurality of arcuate elements. In a preferred embodiment, 
plastirally defomiing and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member lising an Inflatable bladder. 
In a preferred embodiment, ptasticalbr deforming and radially expanding the portion of 
the tubular member Includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defomiing and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member Inside the fkst tubular member In 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fojrth 
outside diameter. The inside diameters of the first and second tubular members alter 
the plastic defomiations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter Is greater than the second outside diameter. In 
a preferred embodiment, plastically deforming and radially expanding the first portion of 
the first tubular member includes applying a radial force to the portion of the tubular 
member using a conical sleeve, in a preferred embodiment, the conical sleeve is 
frangible. In a pretend embodiment, the conical sleeve is elasfia Inaprefened 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 



45 



10 



15 



20 



25 



30 



embod-ment. plastically deforming and radially, expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically defomiing 
and radially expanding the finrt portion of the first tubular member includes applying a 
rad«l force to the first porton of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically defomiing and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defomiing and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member Inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically defomiing ^nd radially expanding the 
second tubular member to a third outside diameter, and means for plastically defomiing 
and radially expanding the second tubular member to a fourth outside diameter The 
inside diameters of the first and second tubular members after the plastic defomiations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a prefeoed embodiment the 
conical sleeve is frangible, in a prefened embodiment, the conical sleeve Is elastic In 
a prefen^ed embodiment, the conical sleeve Includes a plurafity of arruate elements In 
a preferred embodiment, the means for plastically defomiing and ladiaOy expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a prefenBd 
embodiment, the means for plasUcally defomiing and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

An apparatus for forming a weHbore casing within a Wellbore has also been 
described that includes means for supporting a tubular member within the wellbore 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically defomiing and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred emlx»diment. the means for plashcally deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removaWe. In a preferred embodiment, the means for plastically defbm,ing and 
radially expanding the Hrst portion of the tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically defomiing and radially 
expanding the first portion of the tubular member to the first outside diameter is elasfic. 
In a preferred embodiment, the means for plasticafly defomiing and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 
applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the rneans for plastically defomiing and radially expanding the first 
portion of the tubular member to the first outside diameter is Inflatable. In a preferred 
embodiment, the means for piastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter includes rolling means for 
applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes means for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
weilbore. 

An apparatus for fonning a weilbore casing within a weilbore has also been 
described ttiat Includes a tubular support member including a fiist fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of. the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 
the tubular member, and a shoe having a valveable passage coupled to an ertd of the 
fexpansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
In a prefenned embodiment, the conical sleeve is elastic. In a preferred embodiment, 
the conical sleeve includes a plurality of arcuate elements. 

A method of fonning a weabore casing wiftin a vieSbore has also been 
described that includes supporting a tubular member within a weilbore. plastically 
defomiing and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically defomiing and radially expanding another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a prefenred embodiment, plastically 
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deforming and radially expanding the portion of the tubular member includes applying a 
rad«l force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve ,s elastic. In a preferred embodiment, the conical sleeve includes a plurafity of 
arcuate elements. In a preferred embodiment, plastically defomting and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically defomung and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. In a prefened embodiment, the method further includes injecting an annular 
body of a hardenable fluidic sealing material into an annulus between the tubular 
member and the wellbore. In a preferred embodiment, the method further includes 
cunng the annular body of hardenable fluidic sealing material. 

A method of fomiing a monoKliameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore 
plastically defom,ing and radially expanding a first portion of the first tubular member to' 
a first outside diameter, plastically defomiing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping relation to the fir^t portion of the 
first tubular member, plastically defomUng and radially expanding the second tubular 
member to a third outside diameter, and plastically defom,ing and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnations and radial expansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 
ttian the secorKj outside diameter. In a preferred embodiment, plastically defom,ing 
arKl radially expanding the first portion of the first tubular member includes applying a 
fadial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a prefeired embodiment, the conical sleeve mdudes a plurality of 
arcuate elements. In a preferred embodiment. plasticaHy deforming and radially 
expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, plastically defomiing and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecfing an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular menrtfjer and the wellbofe. In a preferred 
embodiment, the method further includes curing the annular body of hardenable fluidic 
sealing material. In a preferred embodiment, the method further includes injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the welibore. In a preferred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plasUcally deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
first tubular member, means for plastically defonning and radially expanding the 
second tubular member to a third outside diameter, and means for plastically defonning 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defonnatlons 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means . for plastically defonning and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a prefen^ed en*odiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefened embodiment, (he means for plastically defonming and radially expanding the 
first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roiier expansion device. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the welibore. in a prefened embodiment, the apparatus further includes means for 
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curing the annular body of hardenabte fluidic sealing material, in a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenabte fluidic sealing material into an anmilus between the second tubular 
member and the wellbore. In a preferred embodiment, the apparatus further Includes 
means for curing the annular body of hardenabte fluidic sealing material. 

An apparatus for plastically defomiing and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and mean^ for plastically defomiing and radially expanding 
another portion of the tubular member. 

An apparatus for plastically defomting and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surtace an 
annular expansion cone launcher including: a first annular portion coupled to a lower 
portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
dameter. wherein the second outside diameter Is tess than the first outside diameter, 
and a shoe having a valveabte passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically defomilng and radially expanding another portion of the tubular 
25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Includes providing a lipped portion in a portion of the first 
tubular member, plastically defomiing and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
in overtapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic defonnations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubtjiar member 
has also been described that Includes means for proVding a lipped portion in the first 
tubular member, means for plastically defomring and radially expanding another portion 
of the f«t tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the finst tubular 
member, and means for plastically defomiing and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic defomriaBons and radial expansions are substantially equal. 

An apparatus for fomiing a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore. 
means for providing a lipped portion in (he tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a .weBbore has also been 
described that includes a tubular support member including a first fluid passage an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a valveaWe passage coupled to fourth annular portfon of the expansion cone 
25 launcher. 

A method of fonning a wellbore casing in a wellbore has also been described 
that includes supporting a tubular member within the wellbore. providing a lipped 
portion in a portion of the tubular member, and plastically delbniiing and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further indudes injecting a hardenable fluidic sealing material in an annulus 
between the tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. 

A method of forming a mono^liameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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prov.d,ng a l.pped portion in a portion of the first tubufar member, plastically deformir^ 
and rad«l.y expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member In overlapping relabon to the 
lipped portion of the Hrst tubular member, and plastically defom,ing and radially 
expanding the second tubular member. The Inside diameter of the first and second 
tubular members after the plasHc defom«tlons and radial expansions are substantially 
equal. In a preferred embodiment, the method further includes Injecting a hardenable 
flu.d.c sealing material in an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the method further Includes curing the fluidic 
sealing material. In a prefen^ embodiment, the method further includes injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for fomiing a moncxliameter wellbore casing within a wellbore 
has also been described that includes means for providing a lipped portion In the first 
tubular member, means for plastically defomiing and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overtapping relation to (he lipped portion of the first tubular 
member, and means for plastically defomiing and radially expanding the second 
20 tubularmember. The inside diameters ofthe first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further Includes means for Injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore In a 
preferred embodiment, the apparatus further includes means for curing the fluidic 
sealing material. In a preferred embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubularmember and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. - 

An apparatus for plastically defomiing and radially expanding a tubularmember 
has also been described that Includes means for plastically defomiing and radially 
expanding a first end of the tubular member, and means for plastically defomting and 
radially expanding a second end of the tubular member. In a preferred embodiment 
the apparatus further includes means for anchoring the tubular member during the 
radial expansion. 
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has also been described U,at includes a tubular support member including a fir^, 

parage, an expansion cone coupled to the tubular supporl having a second passage 

""'^dy coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movabV coupled to outer conical surface of the expansion 

^e^an expandable tubularmemberooupledtoan end of the annularexpans^^^ 
Puncher, a shoe coupled to another end of the annular expansion cone launcher • 
ha>.ng a vaiveable fluid passage, and another annular expansion cone movably 
coupledtothetubularsupportmember. The annular expansion cones ara posMoned 
.n opposite Orientations. In a preferred embodiment, the annular expansion cone Is 
adapted to plastically defom, and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically defom, and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further indudes an anchoring member coupled to the 
15 tubular support member adapted to hold the expandable tubular. 

A method of plastically defomiing and radially expanding a tubular member has 
ateo been descnbed that includes plastically defom^ing and radially expanding a first 
end of the tubular member, and plastically defomiing and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 
anchonng the tubular member during the radial expansion. In a preferred embodiment 
the first end of the tubular member is plastically defomied and radially expanded before 
the second end. in a preferred embodiment, plastically defomiing and radially 
expanding the second end of the tubular member Includes Injecting a fluidic material 
into the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Includes positioning the second tubular member Inside the 
fi«t tubular member In an overiapping relationship, plastically defomvng and radially 
expanding the end of the second tubular member that overiaps w,th the first tubular 
member, and plastically defomiing and radially expanding the remaining portion of the 
second tubular member. In a praferred embodiment, the method further includes 
Plastically defom^ing and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular rrombers are substantially equal after the radial expansions 
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An apparatus for coupling a first tubular member to a second tubular m« k 

10 substentell, equal ate UK radial expansions. 

*,cHb^,;!^ -brlb-ng a ««,„re casing .„hi„ a v^llbore has also been 
*>=nb«, Ita. mcMes means to 3 „«„*e. ^ 

15 ^u^n^. 'nap*e™,en*odi««.„».pp,^^^,^ 
.oranC,onng«„««arme„*.,*™,^„«3,^.^ Inapre,.™., 

sealing n»tea, ,„to a„ anmte be««e„ the tubula, membe, an.. Oie wa«bo«i 

a <^"'«'WI™».*sa.ub„la,sbpport,«„,beri„a«ngafe,passagean 
«pa|»|On "<» coupted to Ihe WMa, s^iport baving a second passage n^^lidy 

~p,«l,o,be«passageandan.x^oonicals„*ce,„a™LeUs^'Le 
.aunche,n,ovab«,cc„p^,oo,«,rcon^surtaceo,»,= e,pana»,co„^.a„ 

a^ablel^b*r„«nbe,.XH,pfed,oane™,o,«ea™,dN,«,p,™,„„con. 
^•'*'»<-Pl»'"«™«»rendo,«ean™Mr«,pa„slonco„a,a„^ 

«H*WU,«»,bb.^a,s.,pon„»mber. annu^ expanston cones a,e posLed 
«cpp««eo„.„,aft«. l"=P«to««nbodinenlB„ annular expanslo„l,tTs 
-'^«»'^*f«.«l3d^exp.„d,fc.e™,o,lbeexpand"bZbl 

'3<.«^expandaseconde™,«,b,e,.pa™tebl„uUHa,„«™ber. Inap^fened 
«|*od,me«. «,e appan*,, includes an ancbodng membar coupled to lbe 

Uibular support membe, adapted to bow the expandable lubular 
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A method Of forming a wellbore casing w,thin a we!lbore has ateo been 
Overbed that indudes plastically defonning and radially expanding a first end of the 

hib^rmember. P^fened embodin^nt. the method further inCdes anchoring the 

.hodiment.the jr 

end , a 7T''^^^^^^ 

end. In a preferred embodiment, plastically defor,„lng and radially expanding the 
s«.ndendof the tubularmember includes iniectlngaflul^^^ 
--''-jnapreferredembodiment.theme.h^ 

A method of fomw-ng a wellbore casing within a wellbore has also been 
descnbed that Includes plastically deforming and radially expanding a first tubular 
member «™,hln the wellbore. posifioning a second tubular member inside the first 
tubular member in an ovedapping relaKonshlp. plastically def^^ 
expand.ng the end of the second tubular member that overlaps with the first tubular 
member. plasUcally defom,ing and radially expanding the remaining portion of the 
s cond hibular member. In a preferred embodiment, the method further Includes 
P'*'''^"y«le^onn^andradiaIlyexpandingatleastapor«onofthesecond^^^^ 
M member. a prefened embodiment, the inside diameters of the first and second 
tubuter members are substantially equal after the radial exparisions. ,n a preferred 
e^-ment. the method further indudes injectingaharde^^^^ 
.nto an annulus between the firs, tubular member and the wellbore. ,n a preferred 

5 '"toanannulusbetweenthesecondtubularmemberandthewenbore 

do^H^l'rr*^ " ""'"^ ^ ^^^^^ a'so been 

d^bed that includes means for plastically defom,ing and radially expanding a first 

^Kle ^ firs^ tubular member in an ovedap^ng rela^onship. means for p,as«calV 

^th the firsttubutermember.means for Plastically deforming and radially^ 
aoolTTr" of the second tubuter member. In a preferred embodiment ttl 
apparatus ft^rther includes means for plasUcally defom,ing and radially expanding a, 
•east a portron of the second tubular member. In a preferred embodiment, the Inside 
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diameters of the first and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus furtherlnctudes means 
for .njecting a hardenable fluidic sealing material into an annulus between the fir^t 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the weHbofe. 

An apparatus for bridging an axiaj gap between opposing pairs of wellbore 
casing within a wellbore has also been descnDed that includes means for supporting a 
tubular member in overlapping relation to the opposing ends of the weRbore casings, 
means for plasOcally defomiing and radially expanding the tubular member, and me^s 
for plastically defonning and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that indudes supporting a tubular member in 
overiapping relation to the opposing ends of the wellbore casings, plastically defomUng 
and radially expandirig the tubular member, and 

plastically defonning and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method offonning a structure having desired strength characteristics has also 
been described that includes providing a first tubular member, and plastically defomiing 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of fonning a wellbore casing vyithin a weUbore having desired strength 
characteristics has also been described that includes plastically defbmiing and radially 
expanding a first tubular member within the wellbore. and plastically defonning and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original waU 
thickness «». has also been described that includes plastically defonning and radially 
expanding a first portion of the Hrst tubular member to a first outside diameter, 
plastically defonning and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning ttie second tubular member inside the first 
tubular member in overiapping relation to the first portion of the first tubular member. 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically defomiing and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic defomwtions and radial expansions are 
substar>tially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular menAer is greater than or equal to 16. 

A method of formirig a mono^liameler wetibore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 
member having an original outside diameter ODo and an original wall thickness to, 
plasticany defomting and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defom»ing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically defomUng and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
aiB substantially equal, and wherein the ratio of the original outside diameter ODo of 
the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 
original outside diameter ODo of the first tubular member to the original wall thickness lb 
of the first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically defonned and 
radially expanded first tubular member having a first portion having a first outsWe 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratfo of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a preferred embodiment, the inskte diameters of the first and 
second tubular members are substantially equal. 
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^rTr'^'^'"''"'"^''*^''"="'-''«'>«°°'»»<>'l9lna, 
«il«ilar membet is greater llian or a^ial to 16. 

«f«e„lT' "° *^ and 

"^7»^'-v6eu3«,tehn,orrepairwa«»«cas»«s.p,pe,^,,„, 

15 Structural supports. 

Although this detailed descnption has shown and described IHustrative 
emtod.ments of the invention, this descnpBon contemplates a wide range of 
mo^rfica.-ons. changes, and subst.tutions. ,n some instances, one may employ some 
20 ^ . ' corresponding use of the other features 

broadly, and in a manner consistent with the scope of the Invention. 
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Claims 

5 tubular ""T '''"""'"^ "'""^ '""'^'^^"^ ' P^^- ««« 

5 tubular member to a first outside diameten and 

tubu.arrrT'''''^"''''^"''^"^^^^^^^^ 
tubular member to a second outside diameten 

Wherein the means for plastically defomiing and radially expanding the first 
Port^nofthetubutermembertothefirstoutsidediameterlsinfla^e. 

^ A method Of plasticaMy defom,ing and radially expanding a tubular member. 

• afi,.. ?rw'^'''°"""''"'"*^''^^^^"^'"9^P<>^°"ofthetu 
a first outside diameter; and 

1 5 ptestically defomUng and radially expanding another portion of the tubular 

member to a second outside diameter; 

Wherein plastically defomiing and radially expanding the portion of the tubular 

member comprises: 

20 bladder'""""" ' '^''^ °' '"'"'^^ "^'"^ ^" '""^'^'''^ 

3. An apparatus for fom^ing a wellbore casing within a weilbore. comprising- 
mearw for supporting a tubular member within the wellbore- 

meansforpiastlcallydefomilngandradiallyexpandingaflr^tportlonofthe 

25 tubular member to a first outside diameter, and 

"^«"«^<^P'-««««ydefom,ingandradiallyexpandingasecondportionofthe 
tubularmembertoasecondoutsidediameten 

«*«rein U.e means for p,ast.cally deforming and radially expanding the first 
poftwn of the tubular member to the first outside diameter Is inflatable. 

ou 

4. A method of fomiing a wellbore casing within a wellbore. comprising: 
supporting a tubular member within a wellbore; 

a first outstde diameter; and 
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plastically deforming and radially expanding another portion of the tu^^^^ 
member to a second outside diameter on ot the tubular 

applying a radial force to the portion of the tuhi.iar m««,K« - 

H luon or me tubular member using an inflatable bladder. 
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means for plastically defending and radialfy expanding a fi«, portion of the 

tubular member to a first outside diameten and 
means for plasUcally defom,ing and radially expanding a second portion of the 
tubular member to a second outeide diameter. 

2. The apparatus of dalm 1 . wherein the first outside diameter Is greater than the 
second outside diameter. «»nanine 

3. The apparatus Of dalm L wherein the means for plastically defom,ing and 

15 4. Theapparatusofclaiml.whereinthemeansforplasticallydefomiingand 

rad.a^^^^^^^^^^ 

20 1- /'^'"'''''''"'^""''"'^^^'"'^---fo^P'astica^ 

20 ^^a^yexpandingthefi.tportionof,heu.bular.embertothefirstouteided^^ 



25 
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^ Theapparatusofclalm1.whereinthemeansforplasticanydefom,ingand 

rBd-any expanding the fi,st portion Of the tubular member to the first outside diameter 
compnses means for applying a radial force to the firs, portion of the tubular member. 

^racna^exp^^^^ 

8. The apparatus Of daim L wherein the means for plastically defom^ng and 
rad.a^^expanding the first portion Of the tubularmember to thefirstoutslde^^^^ 
.ndud^ roiling means for applying radial pressure to the fi.,t portion of the tubular 
member. 



61 



10 



' ""WW W<««n9 a aa fluid passage- 

anaxpan*.coneco««ed»taa*,^,s^^^ 

passage Buidid, coupw «, to ,W fti, 3^ , 

conrcal surface; 

a r=™«a«e a„„„,ar con^ ^ ^ ^ ^ ^ 

expansion cone; "® 

=" a«n,*„ expa«to„ con, coupled .„,,« co„,ea, stee™ and a k«er 

Portionodhelubularmeniberand 

'5 '0. T^appa,at„sofclal«9.whe™i„tooooicalslee«lstan9i«a. 
11. ■^*P»=teofclata9.wtaai„j,e«>nlcalslae«ise,astic 

1^An.„«„,p^„^,^^^^^^^^ 

a first outside diameter; and 

plasticalVdefonTiIng and radially expanding anotherporlion Of the ^^^^ 
member to a second outside diameter. 
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17. ™="«»»d of data ,s.wh.«hlteconlca, Sleeve is elasfe 



applying anadiarto^ ^>„,po«^<,^ 
expansion device. 

P>-«ca«y.ef.^,„,^,^^^^^^^^^^ 
member to a first outside diameter 

member to a second outside diameter 
positioning mesecondtubu.armemberinslde"thefi.t tubular memb^^^ 

Pias^c^defonnlngandradlal^expandlng the seoond tubular mem^^ 
third outside diameten and 

P-as^ca^efo™ 

fourtti outside diameter. 
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24. ^--^ol^Zi.^^^^^^ 

26. '*»™l^ofclaim23.wt>ereinlhec«iical!te«.™™- 
araateeremenls. '^""^llsweoompnsesapliiralilyof 



27 

20 
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37. An 



15 

frangible. ^"'"''"^'^^to the fi^t outside diameter Is 

42. The apparatus of claim 37 u/h^r^- 

to the first outside diameter 



43. 

radi 

30 inflatable 
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comprises roiling means forapplyinq radk/ „ 

member. '^'^ ^"^ P'«S"re to the fi^f portion of 



^ tubular 



•^S- "Hie apparatus of daim 37 f, .hk 



46. Anapparatusforforniingawe/ftwre 

a ■ ■ 



10 



15 



conica/ surface- "'^ an outer 



launcher. *™ expansion cone 

20 47. The 
48. The 
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The method of claim 50 x^uh^r ■ . 

applying a radial fo,^ to U,e porfion Of h.5u,ar n,en,H. 

sleeve. "'^""«^*>er using a conical 



^ Th.TOfto<lofclaim50.»teei„^, 



'conical sleeve is elasUc. 

^ ' The method of claim . 

26 

.^|-'"e«'0dofcteia,50.fum,ercon,pn-3ing- 
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supporting a first tubular member within the wellbore- 

P.asticaMefor.inga.dra..,,expandingafi.tp.;,-o^ 

rnember to a first outside diameter f^iiuouiar 

to a sscwu) outside toigier ^ 
'°"^r^ "^"^^^'«" "-'^"'^"^'^r^ 

fourth outside diameter 



63. ■^™«>«0'<«n6awl«*»aconlcal3fe^^^^ ■ 

65. ''""Klhodot data 62. wherein the conical sleev.^~.. 
amatoelemenls. '""^ sleeve compnses a pluralilyd 
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68. 



10 69. 



70. 
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20 
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The method of daim 60. further comprising- 

Necfing an annular body Of a hardenab,e fluidic sealing o^teria^ 
annulus between the first tubular member and the weBbore. 

The method of daim 68. further comprising: 
curing the annular body of hardenabte fluJdic seaKng material. 

The method of claim 60. further comprising- 
injecting an annular body of a hardenable fluidic seaUng material into an 
annulus between the second tubular member and the wellbore. 

71. The method of dalm 70, further comprising: 

Puring the annular body of hardenable fluidic sealing matenal. 

7Z^^.paratusforc...ga«rsttub^^^ 

-ansforp,astlca.lydefom,ing and radially expandingafi^t portly 

tubular member to a first outside diameter 
n«ansfc.p.as««-^,^^^^^ 

first tubular member to a second outside diameter 
means for positioning the second tubular member inside the first tubular 
memberlnoverlapplngrelationtothefirstportlonofthefirsttubular 

member to a third outside diameter; and 
means .or p,as«ca,„ defonning and rad^,,, expanding the «cond tu.^ 
member to a fourth outside diameter 

Plast« defonretlons and ,«lial expansions are sol«tantiail, 



t 
I 

i • 



70 



73. The apparatus of daim 72. herein the first outside diameter is greater than the 
second outside diameter. 

5 74^ ^««PP3'^»«ofclairn72.whe,einthemeansforplasticallydeforr.ingan^ 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

10 75. The apparatus of daim 74. wherein the conical sleeve is frangible. 

76. The apparatus of daim 74. wherein the conical sleeve is elastic 

77. The apparatus of daim 74. wherein the conical sleeve composes a pluranty of 
15 arcuate elements. 

78. The apparatus of daim 72. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an inflatable bladder. . 

79. The apparatus of daim 72. wherein the means for plastically defomiing and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the fiist tubular member 
"S'"g a roller expansion device. 

80. The apparatus of daim 72. further comprising: 

means for injeding an annular body of a hardenable fluidic sealing material into 
an annulus between (he first tubular member and the wellbore. 

30 

81. The apparatus of daim 80. further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of daim 72. further comprising: 
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means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 

The apparatus of daim 82. further comprising: 
means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically defomting and radially expanding a tubular member. 

comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically defomiing and radially expanding another portion of the 
tubular member. 

feb. An apparatus for plastically defomiing and radially expanding a tubular member 

xnriprising: 

' t a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
'^f' a first annular portion coupled to a lower portion of the tubular member. 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameten and 

^ ^"""'a'' portion ooup«ed to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter is less than the first outside 

diameter; and 

a shoe having a valveabie passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically defomiing and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular memben and 
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plastically deforming and radially expanding another portion of the tubular 
member. 

87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically defonrrtng and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member irtslde the first tubular member in 

overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular memben 
wherein the inside diameters of the first and second tubular members after the 
plastic defonmations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 

comprising: 

means for providing a lipped portion in the first tubular member; 

means for plastically defonning and radially expanding another portion of the 

first tubular member; . 
means for positioning the second tubular member Inside the first tubular 

member In overtapping relation to the lipped portion of the first tubular 

member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular niembers after the 
plastic defonmations and radial expansions are substantially equal, 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for providing a tipped portion in the tubular member, and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing within a wellbore. comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion ha^^ng a 

first outside diameter; and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside 
diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91 . A method of fomiing a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member and 
plastically defomiing and radially expanding another portion of the tubular 
memt>er. 

92. The method of claim 91 , further comprising: 

injecting a hardenable fluldic seafing material in an annulus between the tubular 
member and the wellbore. 

93. The method of daim 92, further comprising: 
curing the fluidic seating material. 

94. A method of fomning a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore: 

providing a lipped portion in a portion of the first tubular member. 
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plastically defonming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member Inside the first tubular member in 

overlapping relation to the lipped portion of the ftrst tubular member, and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic defonmations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

injecting a hardenaWe fluidic sealing material in an annulus between the first 
tubular member and the weHbore. 



96. The method of dalm 95, furtheir comprising: 
curing the flutdic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 

98. The method of daim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped portion In the first tubular member, 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 
means for positioning the seooiKl tubular member Inside the first tubular 

mennber in overiapping relation to the tipped portion of the first tubular 

member; and 

means for plastically deforming and rajJially expanding the second tubular 
member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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1 00. The apparatus of claim 99. further comprising: 

means for Injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

101 . The apparatus of claim 100, further comprising: 
means for curing the fluidic sealing material. 

102. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material In an annulus between 
the second tubular member and the weiibore. 

103. The apparatus of daim 102. further comprising: 
means for curing the fluidic sealing material. 

104. An apparatus for plastically defomning and radially expanding a tubular member, 
comprising: 

means for plastically defomiing and riadially expanding a first end of the tubular 
member, and 

means for plastically defomiing and radially expanding a second end of the 
tubular member. 

105. The apparatus of daim 1 04. further comprising: 

means for anchoring the tubular member during the radial expansion. 

106. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member induding a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher. 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member; 

5 wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of daim 106. wherein the annular expansiOT cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 

10 expand a second end of the expandable tubular member. 

108. The apparatus of daim 106. further comprising: 

an anchoring member coupled to the tubular support memt}er adapted to hold 
the expandable tubular. 

15 

109. A method of plastically deforming and radially expanding a tubular member, 
connprising: 

plastically defomning and radially expanding a first end of the tubular member; 
and 

20 plastically defomiing and radially expanding a second end of the tubular 

member. 

1 1 0. The method of daim 1 09. further comprising: 
anchoring the tubular member during the radial expansion. 

25 

111. The method of claim 109, wherein the first end of the tubular member Is 
plastically defomfied and radially expanded before the second end. 

112. The method of claim 109. plastically defomiing and radially expanding the 

. 30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

113. A method of coupling a first tubular member to a second tubular memt>er. 
comprising: 
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positioning the second tubular meml)er inside the first tubular member in an 

overlapping retationshtp; 
plastically defomiing and radially expanding the end of the second tubular 

member that overlaps with the first tubular member; 
5 plastically deforming and radially expanding the remaining portion of the second 

tubular member. 

1 14. The method of claim 113. further comprising: 

plastically defomning and radially expanding at least a portion of the second 
10 tubular member 

1 15. The method of claim 1 14. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 11 6. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically defomiing and radially expanding the end of the second 

tubular member that overlaps with the first tubular member; 
nneans for plastically defomiing and radially expanding the remaining portion of 
the second tubular member. 

The apparatus of daim 116, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
siecond tubular member. 

1 1 8. The apparatus of daim 1 1 7, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for forming a welllwre casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 

memt>en and 



117. 

25 
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means for plasUcally deforming and radially expanding a second end of the 
tubular member. 

120. The apparatus of claim 1 1 9, further comprising: 

means for anchoring the tubular member during the radial expansion, 

121 . The apparatus of claim 119, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member, 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of daim 122. wherein the annular expansion cone is adapted to 
plastically defomi and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

1 24. The apparatus of daim 1 22, further conrtprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: 
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plastically deforming and radially expanding a first end of the tubular member; 
and 

plastically defonming and radially expanding a second end of the tubular 
member, 

5 

1 26. The method of daim 1 25, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of daim 125, wherein the first end of the tubular member is 
10 plastically deformed and radially expanded before the second end. 

1 28. The method of daim 1 25. plastically deforming and radially expanding the 
second end of the tubular member comprises injeding a fluidic material into the tubular 
member. 

15 

129. The method of daim 125, further comprising: 

injecting a hardenabte fluidic sealing material Into an annulus between the 
tubular member and the wellbore. 



20 130. A method of forming a wellbore casing within a wellbore. comprising: 

plastically defonming and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overiapping relationship; 
25 plastically deforming and radially expanding the end of thd second tubular 

member that overtaps with the first tubular member; 
plastically deforming and radially expanding the remaining portion of the second 
tutHjiar member. 

30 131. The method of daim 130, further comprising: 

plastically defonming and radially expanding at least a portion of the second 
tubular memt)er. 
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132. The method of daim 131. wherein the inside diameters of the first and second 
tubular mennt>ers are substantially equal after the radial expansions. 

5 133. The method of daim 130. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

1 34. The method of daim 1 30. further comprising: 

10 injecting a hardenable fluidic sealing material into an annulus between the 

second tubular member and the weilbore. 

135. An apparatus for fonming a weilbore casing within a weilbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 
1 5 within the weilbore; 

means for positioning the second tubular member inside the first tubular 

member in an overiapping relationship; 
means for plastically deforming and radially expanding the end of the second 
tubular member that overtaps with the first tubular member; 
20 means for plastically defonfning and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of claim 1 35, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
•25 second tubular member. 

T37. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular nnemt>ers are substantially equal after the radial expansions. 

30 

1 38. The apparatus of daim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the weilbore. 
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1 39. The apparatus of claim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material Into an annulus 
between the second tutnjlar member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 

ends of the wellbore casings; 
means for plastically defomiing and radially expanding the tubular member; and 
means for plastically deforming and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

supporting a tubular member in overtapping relation to the opposing ends of the 
wellbore casings; 

plastically defonning and radially expanding the tubular member; and 
plastically defomiing and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

142. A method of fomiing a stmcture having desired strength characteristics, 
comprising: 

providing a first tubular member; and 

plastically defomiing and radially expanding additional tubular nnembers onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

143. A method of forming a wellbore casing within a welltwre having desired strength 
characteristics, comprising: 

plasticaUy defonming and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODq and an original wall thickness 
to, comprising: 

5 plastically defonming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically defomiing and radially expanding another portion of the first tubular 

memtjer to a second outside diameter; 
positioning the second tubular member Inside the first tubular member in 
10 overlapping relation to the first portion of the first tubular nnember; 

plastically deforming and radially expanding the second tubular member to a 

third outside diannetisr; and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter, 
15 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

20 

145. A method of formir^ a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an ordinal outside diameter ODo and an original wall thickness 
to; 

25 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
30 . overtapping relation to the first portion of the first tubular meml>er; 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular nriemt)ers after the 
plastic deformations and radial e)q^nsions are substantially equal; and 

wherein the ratio of the original outside diameter OD© of the first tubular 

member to the original wall thickness to of the first tubular member is 
5 greater than or equal to 1 6. . 



146. An apparatus, comprising: 

a plastically defomned and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
1 0 second outside diameter. 

wherein the ratio of the original outside diameter OOo of the first tubular 

member to the original wall thickness to of the first tubular memt)er is 
greater than or equal to 16. 

15 147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outskle diameter, and 
a plastically deformed and radially expanded second tubular member coupled 
20 to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular nneml}er is 
greater than or equal to 16. 



25 148. The apparatus of claim 147, wherein the inskie diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing fomied in a welltx)re. comprising: 

a plastically deformed and radially expanded first tubular member having a first 
30 portion having a first outside diameter and a remaining portion having a 

second outside diameter; and 
a plastically defonmed and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 
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wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 



5 150. The casing of daim 149, wherein the inside dianneters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member; 
10 wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member Is greater than or 
equal to 16. 
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